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General introduction

Among the world’s tropical regions, Southeast Asia is of particular conservation con-

cern because it has the highest rate of habitat loss (Sodhi et al. 2004, 2010, Miettinen et al. 

2011). Most of Southeast Asia is considered a biodiversity hotspot because it is home to an 

exceptionally high number of endemic species that are threatened by the loss of >70% of 

original habitats (Myers et al. 2000). Southeast Asia is also highlighted as an area where past and 

present human-driven land-use changes are expected to cause extinctions across a wide range 

of taxa (Brook et al. 2003, Cardillo et al. 2006, Lee and Jetz 2008). Furthermore, environmental 

apathy, corruption, poor natural resource governance, poverty, and limited conservation fund-

ing constitute difficult obstacles for conservationists in Southeast Asia (Sodhi et al. 2004, 2010, 

Sodhi and Brook 2006, Posa et al. 2008).

Indonesia, the country with the largest expanse of remaining contiguous forest 

in Southeast Asia, has put its forests and wildlife under serious pressure in recent decades 

through a combination of unsustainable logging practices (Curran et al. 2004, Fuller et al. 2004, 

Meijaard et al. 2005), high rates of deforestation for plantation development (Hansen et al. 

2009, Miettinen et al. 2011), and a succession of devastating forest fire events (Lennertz and 

Pfanzer 1984, Malingreau 1985, Siegert et al. 2001). 

Kalimantan, the Indonesian part of Borneo that covers 73% of the island, has experi-

enced two extreme forest fire events in modern times, the first in 1982-83 and the second in 

1997-98. Both these fire events coincided with severe and prolonged droughts associated with 

severe El Niño-Southern Oscillation (ENSO) phenomena (Siegert et al. 2001). The fire event in 

1982-83 affected an estimated 3.5 million ha (Mha) of forest in Kalimantan alone (Guhardja et 

al. 2000), whereas the disastrous fire event of 1997-98 affected circa 5 Mha of land in the prov-

ince of East Kalimantan (Indonesian Borneo) alone, including 2.6 Mha of forest (Hoffmann et al. 

1999, Siegert et al. 2001). Between 1997 and 2006, a total of 16.2 Mha of Borneo’s landmass1 

(21% of total land surface area) have been affected by fires (Langner and Siegert 2009) (Fig. 1). 

These fires also entered several national parks and other protected areas (Curran et al. 

2004, Langner and Siegert 2009), affecting their biodiversity value (Kinnaird and O’Brien 1998). 

At present the island is troubled by frequent smaller fire events, now occurring even during 

‘normal’ dry seasons. This increased fire frequency is caused by a combination of droughts, for-

est degradation leading to increased susceptibility to fires, and the growing use of fire as a cheap 

tool for land clearing by plantation companies and farmers (Hoffman et al. 1999).This increase 

1 For size comparison, the total land surface area of the Netherlands is 3.35 Mha.
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of fires has primarily been connected with land speculation and development projects (Siegert 

et al. 2001, Page et al. 2002, Goldammer 2007). These recurring fire events are not only degrad-

ing vast areas of rainforest, including their biodiversity, but are also causing massive carbon 

dioxide emissions, which contribute to global warming (Page et al. 2002,  Achard et al. 2004).

Figure 1: Map of Borneo depicting fire affected areas (1997-2006) adapted from Langner and Siegert (2009).

Although forest fires have been recorded historically in western Indonesia (Goldam-

mer and Seibert 1989), their incidence was rare, with intervals of hundreds to thousands of 

years (Cochrane et al. 1999). As a result, these tropical forests are maladapted to fire events 

(Slik et al. 2010), with fires having a devastating effect on tree survival (Leighton and Wirawan 

1989, Woods 1989, Slik et al. 2002, van Nieuwstadt 2002). The combined effects of extreme 

drought and fire lead to more than 70% mortality of trees (>10 cm DBH) in once-burned areas 

two years after the fires in 1997-98 (van Nieuwstadt 2002).

Animal populations are also affected by these forest fires, either directly through fire 
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injury or indirectly through changes in food availability or habitat structure (Whelan 1995). 

Mammals provide vital ecological services in tropical rainforests and are key in the structuring 

of biological communities through their roles in, amongst others, seed dispersal and predation, 

pollination, folivory, and frugivory, and as top predators (Terborgh 1988, 1992). Apart from a 

handful of papers on mortality in the immediate aftermath of fires (e.g. Kinnaird and O’Brien 

1998, Peres 1999), and a small number of qualitative reports following the 1982–1983 ENSO 

event (Berenstain 1986, Leighton and Wirawan 1986, Azuma 1988, Doi 1988), information on 

the effects of fires on large vertebrates remains scarce and anecdotal (Oka 1999, O’Brien et 

al. 2003). Barlow and Peres (2006) examined the effects of both single and recurrent wildfires 

on fruit production and large vertebrate abundance in a central Amazonian terra firme forest, 

showing that many large frugivores and other vertebrate species declined in response to single 

fires, and most species dependent on primary forest were extirpated from twice-burnt forest 

(Barlow and Peres 2006). The only study on large vertebrate responses to forest fires from In-

donesia by O’Brien et al. (2003) reported on the negative effects of forest fires on demography 

and persistence of siamang (Symphalangus syndactylus) groups in Sumatra. Their study indicated 

that it was doubtful whether groups of this large primate would be able to persist in burned-

over areas for more than two generations. 

Besides their sensitivity to fires, forests in Southeast Asia are characterized by irregular, 

supra-annual, mast fruiting [i.e. synchronous variable production of large fruit crops (‘masts’) 

amid years of smaller crops] events (Appanah 1985, Ashton et al. 1988). These events are pos-

sibly triggered by environmental factors occurring during ENSO events (Ashton et al. 1988), 

although the influence of ENSO events on mast fruiting varies throughout Southeast Asia 

(Wich and van Schaik 2000): mast fruiting events and ENSO phenomena are most strongly 

correlated on the eastern side of the Malesian landmasses, specifically eastern Borneo (Ashton 

et al. 1988). The canopy and emergent trees of these forests are dominated by trees of the 

Dipterocarpaceae, distinguished by a unique reproductive pattern (Medway 1972, Appanah 

1985, Curran et al. 1999), causing them to flower and fruit at intervals of 2-10 years with 

little or no reproductive activity in between (Medway 1972, Ashton et al. 1988, Curran and 

Leigthon 2000). A large proportion of individual trees covering varied taxonomic groups (Ap-

panah 1985, Sakai et al. 1999) and flowering syndromes (Momose et al. 1998), flower and fruit 

synchronously with these dipterocarps. During these mast fruiting events, an overabundance 

of fruit is produced for a short period of time but these are often followed by periods of low 

fruit production. These large fluctuations in fruit availability (both temporal and spatial) can 

affect primary consumers in a variety of ways and in order to compensate for low fruit avail-
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ability, mammals have developed a variety of behavioural adaptations, ranging from local dietary 

shifts to long-distance migrations (e.g. Leighton and Leighton 1983, Curran and Leighton 2000). 

During these prolonged intermast periods a number of ‘keystone’ species, especially figs (Ficus 

spp.) still produce fruit (van Schaik et al. 1993). Janzen (1974) hypothesized that prolonged food 

scarcity in these dipterocarp forests can limit populations of frugivores and granivores during 

non-mast years, and on rare occasions food scarcity during these intermast periods may lead 

to starvation (Curran and Leighton 2000, Wong et al. 2005). 

Malayan sun bears (Helarctos malayanus), the smallest of the extant bear species, are 

currently the largest member of the order Carnivora on Borneo. Bornean sun bears are 

considered a separate subspecies (H. m. eurispylus), considerably smaller than their Sumatran 

and mainland counterparts, H. m. malayanus (Pocock 1941, Meijaard 2004). Sun bears occur 

throughout Southeast Asia, with the westernmost part of their distribution starting in eastern 

India, throughout Burma, possibly southern China (Yunnan), Laos, Cambodia, Vietnam, Thailand, 

Malaysia, Indonesia (Sumatra, Kalimantan), and Brunei (IUCN/BSG 2006) (Fig. 2). The species 

now occurs patchily through much of its former range, and has been extirpated from many 

areas, especially in mainland Southeast Asia. Sun bear fossils from the Pleistocene have been 

found much further north into China and on the island of Java (Erdbrink 1953), but sun bears 

did not occur there in more recent historical times (Meijaard 2004).

When this study commenced in 1997, no field research had yet been undertaken on 

sun bears anywhere in their distribution area. Sun bears were listed as Data Deficient in the 

IUCN Red List and only rather crude distribution maps were available (Servheen 1999). Reli-

able estimates of sun bear population numbers were lacking (and still are). In the available 

literature at the time, sun bears were described as nocturnal frugivores, augmenting their 

diet with a variety of insects, small mammals, and honey (Lekagul and McNeely 1977, Kunkun 

1985, Payne et al. 1985). Sun bears rely on tropical forest habitat, with two ecologically distinct 

categories of tropical forest occurring within their range (Fredriksson et al. 2008). These two 

types of forests are distinguished by differences in climate, phenology, and floristic composition. 

Tropical evergreen rainforest is the sun bear’s main habitat in Borneo, Sumatra, and peninsular 

Malaysia. This aseasonal habitat receives high annual rainfall that is relatively evenly distributed 

throughout the year. Tropical evergreen rainforest, includes a wide diversity of forest types 

used by sun bears, including lowland dipterocarp, peat swamp, freshwater swamp, limestone/

karst hills, hill dipterocarp, and lower montane forest. In contrast, sun bears in mainland South-

east Asia inhabit seasonal ecosystems with a long dry season (3–7 months), during which 

rainfall is <100 mm per month. Seasonal forest types are usually interspersed in a mosaic that 
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Figure 2: Sun bear distribution range (IUCN/BSG, Japan Bear Distribution Mapping Workshop, 2006).
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includes semi-evergreen, mixed deciduous, dry dipterocarp (<1,000 m elevation), and montane 

evergreen forest (>1,000 m). The range of sun bears overlaps that of Asiatic black bears (Ursus 

thibetanus) in this seasonal forest mosaic. Sun bears occur from near sea level to over 2,100 

m elevation, but appear to be most common in lower-elevation forests (Steinmetz et al. 2011).

This study commenced a few months before the onset of the catastrophic forest fires 

of 1997-98, in a small lowland reserve (10,000 ha), the Sungai Wain Protection Forest (SWPF) 

in East Kalimantan. At that time, this forest was still connected to a number of other forest 

areas to the west and north beyond the boundaries of the reserve, and although encroached 

by illegal settlers on the eastern border, the SWPF still covered some 8,000 ha of primary 

coastal lowland forest. A great opportunity for close behavioural observations of these other-

wise extremely cryptic bears presented itself in January 1998, when we received the first of 

three young confiscated sun bears, with a request from the Conservation Department (Balai 

Konservasi Sumber Daya Alam) to rehabilitate and release them in the reserve. In March 1998 

forest fires entered the reserve, towards the end of the long ENSO drought, initially from a 

neighbouring state-owned logging concession, but subsequently also from surrounding agricul-

tural lands. Despite two months of extensive fire extinction efforts, approximately 50% of the 

reserve was affected by forest fires (Fredriksson 2002) leaving an unburned central core of 

some 4,000 ha of primary forest. Subsequent to these fires, a number of studies commenced 

in the SWPF to investigate the effects of fires on plant communities (van Nieuwstadt 2002, Slik 

et al. 2002, Slik and Eichhorn 2003, Slik 2004), butterflies (Cleary 2003), and birds (Slik and van 

Balen 2006).

This study on sun bears spanned five continuous years in the field. Between August 

1997 and July 2002 fieldwork was primarily carried out in SWPF. Subsequently sun bear sign 

surveys were carried out in different forest types throughout Kalimantan, covering the main 

forest types found on the island. Additional sign surveys of sun bears in burned and unburned 

forest were carried out in 2005 and 2010 in SWPF. 

Due to the lack of reference material, a broad approach was taken to gain insight into 

the ecology of this species, ranging from phenology plots to monitor production of flowers and 

fruit over several years, behavioural observations of sun bears, collection of fecal samples to 

look at dietary composition and seasonal changes herein, seed germination trials to investigate 

seed dispersal efficiency, trapping of wild sun bear for radio-tagging to gain insight into ranging 

and activity patterns, sampling of insects in burned and unburned forest, interviews with forest-

edge communities to gain insight into sun bear activity in agricultural areas, as well as using sign 

transects to monitor sun bear usage of burned and unburned areas over time.
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Outline of this thesis

Chapter 1 General introduction

Chapter 2 describes frugivory in sun bears and how this is linked to periodic mast 

fruiting events in Kalimantan, monitored through monthly phenology censuses. We describe 

the importance and occurrence of various tree families in the diet of the sun bears over 

a period of 55 months. This chapter highlights the importance of the need for long-term 

monitoring in these aseasonal forests where supra-annual, rather than annual, changes in 

phenology affect sun bear ecology. Although sun bears were feeding primarily on fruits dur-

ing the start of this study coinciding with a mast fruiting event, invertebrates dominated the 

diet during the subsequent prolonged intermast period, which lasted up to four years at this 

study site.

Chapter 3 describes the movement and activity patterns of sun bears in unburned 

forest through telemetry studies. Sun bears within the reserve were found to be primarily di-

urnal, as opposed to sun bears living at the forest edge, which displayed more nocturnal activity. 

Female sun bears ranged over relatively small areas (approx. 5 km2) over a period of 12 months. 

The ranges of several female bears that we monitored were strictly confined within the small 

reserve. Sun bears seem to shun areas with human traffic, with bears avoiding the main trail 

leading to the research station. Sun bears also appeared to avoid entering the burned forest 

areas for several years after the fire event. This avoidance of areas with human disturbance 

in combination with relatively small ranges implies that even small reserves like SWPF are 

relevant for sun bear conservation, although the long-term survival of sun bear populations in 

such smaller protected areas will depend on the matrix of forest habitat and connectivity to 

other forest areas outside these reserves.

Subsequent to the large fire event in 1997-98, the impacts of forest fires on sun bear 

fruit resources and invertebrates were studied in more detail. In Chapter 4 we describe the 

effects of drought and forest fires on density and diversity of fruit trees important in the diet 

of sun bears. The forests of Borneo are maladapted to withstand the impacts of prolonged 

drought and fires, and sun bear fruit trees experienced 80% mortality in areas affected by the 

fires. Drought also affected sun bear fruit trees in unburned forest areas, with elevated mortal-

ity rates. Species diversity of sun bear fruit taxa also declined by 44% in burned forest areas 

impacting future species composition in these once-burned areas.

In Chapter 5 we look at the interface between humans and sun bears at the for-

est edge. Elevated levels of human-sun bear conflict were reported after the forest fires in 
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1997-98. We discuss methods on how to reduce some of these conflicts and how human-bear 

conflict will affect conservation of this species. 

Chapter 6 describes the predation of an adult female sun bear, which we had radio-

collared, by a python (Python reticulatus) during the prolonged intermast period. I discuss the 

physical condition of sun bears caught for telemetry studies at this study site compared to that 

of other sun bears caught for research purposes simultaneously in Sabah (Malaysian Borneo). I 

discuss how the reduced physical condition of the sun bear predated upon by the python might 

be linked to a combination of lack of fruit resources and increased competition in unburned 

forest by bears displaced after the fires. 

In Chapter 7 we present data from sign transects where we explore the usage of sun 

bear sign (i.e. claw marks, broken termite nests, ripped logs) as an index of relative abundance 

to monitor the usage of burned and unburned forest areas by sun bears over more than a dec-

ade. Sun bear sign densities/hectare were close to zero in burned forest areas for several years 

after the fire event, although sign densities increased slowly by the 7th years after the fires and 

were close to 65% of sign densities encountered in adjacent primary forest, 12 years after the 

fire event. These once-burned forest areas still have important regeneration and conservation 

potential as long as source populations are found nearby.

Chapter 8 Synthesis and concluding remarks

References
Achard, F., H. D. Eva, P. Mayaux, H.-J. r. Stibig, and A. Belward. (2004). Improved estimates of net carbon emis-

sions from land cover change in the tropics for the 1990s. Global Biogeochem. Cycles 18:GB2008.

Appanah, S. (1985). General flowering in the climax rain forests of South-east Asia. Journal of Tropical Ecol-

ogy 1:225-240.

Ashton, P.S., Givnish, T.J., and Appanah, S. (1988). Staggered Flowering in the Dipterocarpaceae - New In-

sights into Floral Induction and the Evolution of Mast Fruiting in the Aseasonal Tropics. American 

Naturalist 132, 44-66.

Azuma, S. (1988). Distribution and abundance of primates after the forest fire in the lowland forest of East 

Kalimantan 1983-1986. Pages 94-116 in H. Tagawa and N. Wirawan, editors. A research on the 

process of earlier recovering of tropical rain forest.

Barlow, J. and C. Peres. (2006). Effects of Single and Recurrent Wildfires on Fruit Production and Large Ver-

tebrate Abundance in a Central Amazonian Forest. Biodiversity and Conservation 15:985-1012.



General introduction 11

Berenstain, L. (1986). Responses of Long-tailed macaques to drought and fire in eastern Borneo:  A prelimi-

nary report. Biotropica 18:257-262.

Brook, B. W., N. S. Sodhi, and P. K. L. Ng. (2003). Catastrophic extinctions follow deforestation in Singapore. 

Nature 424:420-423.

Cardillo, M., A. Purvis, W. Sechrest, J. L. Gittleman, J. Bielby, and G. M. Mace. (2004). Human population density 

and extinction risk in the world’s carnivores. PLoS Biology 2:0909-0914.

Cochrane, M. A., A. Alencar, M. D. Schulze, C. M. Souza, D. C. Nepstad, P. Lefebvre, and E. A. Davidson. (1999). 

Positive feedbacks in the fire dynamic of closed canopy tropical forests. Science 284:1834-1836.

Curran, L. M., I. Caniago, G. D. Paoli, D. Astianti, M. Kusenti, C. E. Nirarita, and H. Haeruman. (1999). Impact 

of El Nino and logging on canopy tree recruitment in Borneo. Science 286:2184-2188.

Curran, L. M. and M. Leighton. (2000). Vertebrate responses to spatiotemporal variation in seed production 

of mast-fruiting dipterocarpaceae. Ecological Monographs 70:101-128.

Curran, L.M., Trigg, S.N., McDonald, A.K., Astianti, D., Hardiono, Y.M., Siregar, P., Caniago, I., and Kasischke, 

E. (2004). Lowland forest loss in protected areas of Indonesian Borneo. Science 303, 1000-1003.

Doi, T. (1988). Present status of the large mammals in the Kutai National Park, after a large scale fire in 

East Kalimantan, Indonesia. Pages 82-93 in H. Tagawa and N. Wirawan, editors. A research on the 

process of earlier recovery of tropical rain forest.

Erdbrink, D. P. (1953). A review of fossil and recent bears of the old world. With remarks on their phylogeny 

based upon their dentition. PhD. University of Utrecht, Drukkerij Jan De Lange, Deventer.

Fredriksson, G.M. (2002). Extinguishing the 1998 forest fires and subsequent coal fires in the Sungai Wain 

Protection Forest, East Kalimantan, Indonesia. In: Communities in flames: proceedings of an inter-

national conference on community involvement in fire management (Bangkok, Thailand, FAO and 

FireFight SE Asia).

Fredriksson, G., Steinmetz, R., Wong, S. and Garshelis, D.L. (IUCN SSC Bear Specialist Group) (2008). 

Helarctos malayanus. In: IUCN 2012. IUCN Red List of Threatened Species. Version 2012.1. <www.

iucnredlist.org>. Downloaded on 20 July 2012

Fuller, D.O., Jessup, T.C., and Salim, A. (2004). Loss of forest cover in Kalimantan, Indonesia, since the 1997-

1998 El Niño. Conservation Biology 18, 249-254.

Goldammer, J. G. and B. Seibert. (1989). Natural rain forest fires in Eastern Borneo during the Pleistocene 

and Holocene. Naturwissenschaften 76:518-520.

Goldammer, J. G. (2007). History of equatorial vegetation fires and fire research in Southeast Asia before 

the 1997–98 episode: A reconstruction of creeping environmental changes. Mitigation and Adapta-

tion Strategies for Global Change 12:13-32.



Chapter 112

Guhardja, E., M. Fatawi, M. Sutisna, T. Mori, and S. Ohta, editors. (2000). Rainforest Ecosystems of East Kali-

mantan. El Nino, Drought, Fire and Human Impacts. Springer-Verlag, Tokyo.

Hansen, M.C., Stehman, S.V., Potapov, P.V., Arunarwati, B., Stolle, F., and Pittman, K. (2009). Quantifying 

changes in the rates of forest clearing in Indonesia from 1990 to 2005 using remotely sensed data 

sets. Environmental Research Letters 4, 034001.

Hoffmann, A.A., Hinrichs, A., and Siegert, F. (1999). Fire damage in East Kalimantan in 1997/98 related to 

land use and vegetation classes: Satellite radar inventory results and proposal for further actions. 

IFFM-SFMP Report No.1a (Samarinda, East Kalimantan, MOFEC, GTZ and KfW).

Janzen, D. H. (1974). Tropical blackwater rivers, animals, and mast fruiting by the dipterocarpaceae. Bio-

tropica 6:69-103.

Kinnaird, M.F., and O’Brien, T.G. (1998). Ecological effects of wildfire on lowland rainforest in Sumatra.

Conservation Biology 12, 954-956.

Kunkun, J. G. (1985).Short information on Malayan sun bear in Indonesia.Pages 67-69 in First Asiatic Bear 

Conference, Utsunomiya & Nikko, Tochigi Prefecture.

Langner, A. and F. Siegert. (2009). Spatiotemporal fire occurrence in Borneo over a period of 10 years. 

Global Change Biology 15:48-62.

Lee, T. M. and W. Jetz. (2008). Future battlegrounds for conservation under global change. Proceedings of 

the Royal Society B: Biological Sciences 275:1261-1270. 

Leighton, M. and D. R. Leighton. (1983). Vertebrate responses to fruiting seasonality within a Bornean rain 

forest. Pages 181-196 in S. L. Sutton, T. C. Whitemore, and A. C. Chadwick, editors. Tropical Rain 

Forest Ecology and Management. Blackwell Scientific Publications, Cambridge UK.

Leighton, M. and N. Wirawan. (1986). Catastrophic drought and fire in Borneo Tropical Rain Forest Associ-

ated with the 1982-1983 El Nino southern oscillation event. Pages 75-101 in G. T. Prance, editor. 

Tropical rain forest and world atmosphere. Westview Press, Boulder, Colorado, USA.

Lekagul, M. D. B. and B. A. J. A. McNeely. (1977). Mammals of Thailand. Kurusapha Ladprao Press, Thailand.

Lennertz, R. and K. F. Panzer. (1984). Preliminary assessment of the drought and forest fire damage in 

Kalimantan Timur. DFS German Forest Inventory Service for Gesellschaft fur Technische Zusam-

menarbeit (GTZ), Germany.

Malingreau, J. P., G. Stephens, and L. Fellows. (1985). Remote sensing of forest fires: Kalimantan and North 

Borneo in 1982-83. Ambio 14:314-321.

Medway, L. (1972). Phenology of a tropical rain forest in Malaya. Biological Journal of the Linnean Society 

4:117-146.

Meijaard, E. (2004). Craniometric differences among Malayan sun bears (Ursus malayanus); evolutionary and 

taxonomic implications. Raffles Bulletin of Zoology 52, 665-672.



General introduction 13

Meijaard, E., Sheil, D., Rosenbaum, B., Iskandar, D., Augeri, D., Setyawati, T., Duckworth, W., Lammertink, M.J., 

Rachmatika, I., Nasi, R., et al. (2005). Life after logging: reconciling wildlife conservation and produc-

tion forestry in Indonesian Borneo (Bogor, Indonesia, CIFOR, WCS and UNESCO).

Miettinen, J., Shi, C., and Liew, S.C. (2011). Deforestation rates in insular Southeast Asia between 2000 and 

2010. Global Change Biology 17, 2261-2270.

Myers, N., R. A. Mittermeier, C. G. Mittermeier, G. A. B. da Fonseca, and J. Kent. (2000). Biodiversity hotspots 

for conservation priorities. Nature 403:853-858.

Nieuwstadt, M.G.L. v. (2002). Trial by fire-Postfire development of a dipterocarp forest (PhD thesis Univer-

sity of Utrecht, Netherlands), pp. 1-143.

O’Brien, T. G., M. F. Kinnaird, A. Nurcahyo, M. Prasetyaningrum, and M. Iqbal. (2003). Fire, demography and 

the persistence of siamang (Symphalangus syndactylus: Hylobatidae) in a Sumatran rainforest. 

Animal Conservation 6:115-121.

Page, S. E., F. Siegert, J. O. Rieley, H. D. V. Boehm, A. Jaya, and S. Limin. (2002). The amount of carbon released 

from peat and forest fires in Indonesia during 1997. Nature 420:61-65.

Payne, J., C. M. Francis, and K. Phillipps. (1985). A field guide to the mammals of Borneo. World Wildlife Fund 

Malaysia, Kuala Lumpur, Malaysia.

Peres, C. A. (1999). Ground fires as agents of mortality in a Central Amazonian forest. Journal of Tropical 

Ecology 15:535-541.

Pocock, R. I. (1941). The Fauna of British India, including Ceylon and Burma. Mammalia Vol. II. Carnivora 

(suborders Aeluroidae (part) and Arctoidae).Taylor & Francis, Ltd., London, United Kingdom.

Posa, M. R. C., A. C. Diesmos, N. S. Sodhi, and T. M. Brooks. (2008). Hope for Threatened Tropical Biodiver-

sity: Lessons from the Philippines. BioScience 58:231-240.

Sakai, S., K. Momose, T. Yumoto, T. Nagamitsu, H. Nagamasu, A. A. Hamid, and T. Nakashizuka. (1999). Plant 

reproductive phenology over four years including an episode of general flowering in a lowland 

dipterocarp forest, Sarawak, Malaysia. American Journal of Botany 86:1414-1436.

Schaik, C. P. v., J. W. Terborgh, and S. J. Wright. (1993). The phenology of tropical forests:  adaptive significance 

and consequences for primary consumers. Annual Review of Ecology and Systematics 24:353-377.

Servheen, C. (1999). Status of Bears of the World. Presentation at the 3rd International Symposium on the 

Trade of Bears and Bear Parts, Seoul, Korea.

Siegert, F., G. Ruecker, A. Hinrichs, and A. A. Hoffmann. (2001). Increased damage from fires in logged forests 

during droughts caused by El Niño. Nature 414:437-440.

Slik, J. W. F. (2004). El Niño droughts and their effects on tree species composition and diversity in tropical 

rain forests. Oecologia 141:114-120.



Chapter 114

Slik, J.W.F., Verburg, R.W., and Kessler, P.J.A. (2002). Effects of fire and selective logging on the tree species 

composition of lowland dipterocarp forest in East Kalimantan, Indonesia. Biodiversity & Conser-

vation 11, 85-98.

Slik, J. W. F. and K. A. O. Eichhorn. (2003). Fire survival of lowland tropical rain forest trees in relation to stem 

diameter and topographic position. Oecologia 137:446-455.

Slik, J. and S. Van Balen. (2006). Bird Community Changes in Response to Single and Repeated Fires in 

a Lowland Tropical Rainforest of Eastern Borneo. Biodiversity and Conservation 15:4425-4451.

Slik, J., F. Breman, C. Bernard, M. van Beek, C. Cannon, K. Eichhorn, and K. Sidiyasa. (2010). Fire as a selective 

force in a Bornean tropical everwet forest. Oecologia 164:841-849.

Sodhi, N. S., L. P. Koh, B. W. Brook, and P. K. L. Ng. (2004). Southeast Asian biodiversity: an impending disaster. 

Trends in Ecology & Evolution 19:654-660.

Sodhi, N. and B. Brook. (2006). Southeast Asian biodiversity crisis. Cambridge University Press, Cambridge, 

UK.

Sodhi, N., Posa, M., Lee, T., Bickford, D., Koh, L., and Brook, B. (2010). The state and conservation of South-

east Asian biodiversity. Biodiversity and Conservation 19, 317-328.

Steinmetz, R., D. L. Garshelis, W. Chutipong, and N. Seuaturien. (2011). The Shared Preference Niche of 

Sympatric Asiatic Black Bears and Sun Bears in a Tropical Forest Mosaic. PLoS One 6:e14509.

Terborgh, J. (1988). The big things that run the world - a sequel to E.O.Wilson. Conservation Biology 

2:402-403.

Terborgh, J. (1992). Maintenance of diversity in tropical forests. Biotropica 24(2b):283-292.

Whelan, R. J. (1995). The ecology of fire. Cambridge University Press, Cambridge.

Wich, S. A. and C. P. van Schaik. (2000). The impact of El Niño on mast fruiting in Sumatra and elsewhere in 

Malesia. Journal of Tropical Ecology 16:563-577.

Wong, S.T., Servheen, C., Ambu, L., and Norhayati, A. (2005). Impacts of fruit production cycles on Malayan 

sun bears and bearded pigs in lowland tropical forest of Sabah, Malaysian Borneo. Journal of Tropi-

cal Ecology 21, 627–639.

Woods, P. (1989). Effects of Logging, Drought, and Fire on Structure and Composition of Tropical Forests 

in Sabah, Malaysia. Biotropica 21:290-298.




